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Abstract
Background: The Indian Sample Registration System (SRS) with verbal autopsy methods provides estimations of cause
specific mortality for maternal deaths, where the majority of deaths occur at home, unregistered. We aim to examine factors
that influence physician agreement and coding choices in assigning causes of death from verbal autopsies.
Methodology/Principal Findings: Among adult deaths identified in the SRS, pregnancy-related deaths recorded in 2001–
2003 were assigned ICD-10 codes by two independent physicians. Inter-rater reliability was estimated using Landis Koch
Kappa classification ƒ0:4– poor to fair agreement; .0:4 ƒ0:6– moderate agreement; .0:6 ƒ0:8– substantial agreement;
.0:8– high agreement. We identified factors associated with physician agreement using multivariate logistic regression. A
central consensus panel reviewed cases for errors and reclassified as needed based on 2011 ICD-10 coding guidelines. Of
1130 pregnancy-related deaths, 1040 were assigned ICD-10 codes by two physicians. We found substantial agreement
regardless of the woman’s residence, whether the death was registered, religion, respondent’s or deceased’s education, age,
hospital admission or gestational age. Physician agreement was not influenced by the above variables, with the exception
of greater agreement in cases where the respondent did not live with the deceased, or early gestational age at the time of
death. A central consensus panel reviewed all cases and recoded 10% of cases due to insufficient use of information in the
verbal autopsy by the coding physicians and rationale for this reclassification are discussed.
Conclusion: In the absence of complete vital registration and universal healthcare services, physician coded verbal
autopsies continues to be heavily relied upon to ascertain pregnancy-related death. From this study, two independent
physicians had good inter-rater reliability for assigning pregnancy-related causes of death in a nationally-represented
sample, and physician coding does not appear to be heavily influenced by case characteristics or demographics.
Citation: Montgomery AL, Morris SK, Bassani DG, Kumar R, Jotkar R, et al. (2012) Factors Associated with Physician Agreement and Coding Choices of Cause of
Death Using Verbal Autopsies for 1130 Maternal Deaths in India. PLoS ONE 7(3): e33075. doi:10.1371/journal.pone.0033075
Editor: Zulfiqar A. Bhutta, Aga Khan University, Pakistan
Received July 13, 2011; Accepted February 9, 2012; Published March 28, 2012
Copyright:  2012 Montgomery et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
Funding: This work was supported by the US National Institutes of Health, Canadian Institute of Health Research, International Development Research Centre,
and Li Ka Shing Knowledge Institute. Shaun K. Morris is a Fellow of the Pediatric Scientist Development Program. The project described was also supported by
grants from Sick Kids Foundation, Paediatric Chairs of Canada, and the March of Dimes. The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.
Competing Interests: The authors have declared that no competing interests exist.
* E-mail: ann.montgomery@utoronto.ca
Introduction
One-fifth of the global maternal deaths occur in India [1]. The
United Nation’s Millennium Development Goal Number 5 targets
a 75% reduction in the maternal mortality ratio by 2015 through
Safe Motherhood Initiatives [2]. However, maternal deaths are
relatively rare events that are prone to under-reporting and
misclassification, particularly in countries lacking a comprehensive
vital registration system, and in which the majority of deaths are
unregistered and occur outside the healthcare system [3,4]. Robust
regional, national, and global estimates of cause-specific maternal
mortality are essential in generating political will around the issue,
for monitoring trends, and directing and justifying investments in
effective programs [5–8].
Two methods have been developed for deriving cause of death
codes from verbal autopsy interviews with family respondents;
physician review, and computer automated methods [9]. Physician
review relies on one or two physicians reviewing information from
the closed-questions and/or transcribed narrative in the verbal
autopsy followed by assignment of cause of death code.
Physician coding of cause of death mimics the scenario
physicians use when taking a history in a clinical setting. Physicians
consider the deceased’s reported health history, demographic
factors in the case, the temporal relationship of the appearance of
symptoms with the suspected clinical condition, as well as the
reported symptoms themselves in the typical presentation of a
case. There have been a number of efforts to standardize and
PLoS ONE | www.plosone.org 1 March 2012 | Volume 7 | Issue 3 | e33075validate physician cause of death assignment [10–13]. However,
the challenge of estimating the validity of physician cause of death
assignment in all VA studies is that a priori verification of cause of
death requires the same functioning high quality healthcare system
that was often lacking at the time of individual’s death.
This study is limited to examining what factors influence
physician coding by estimating the inter-rater agreement of two
physician coded cause of maternal deaths from verbal autopsies.
This study also examines where physicians err with respect to
established guidelines.
Methods
The Indian Million Death Study (MDS) is being conducted by
the Registrar General of India in collaboration with the Centre for
Global Health Research at the University of Toronto. The MDS
uses the Sample Registration System (SRS) to monitor cause-
specific mortality in the population. Details of the study are
explained in detail elsewhere [14] and are summarized here. This
study uses data collected in 2001–2003. An average of 150
households were drawn from 6671 randomly selected sample units
in all 28 states and 7 union territories. Every birth and death in the
home were independently recorded during monthly visits by
trained non-medical enumerators and every six months by
Registrar General of India (RGI) surveyors [13,15–17].
RGI interviewers collected details about the events that
preceded the deaths using a validated verbal autopsy tool called
RHIME (Routine, Reliable, Representative, and Re-sampled
Household Investigation of Mortality with Medical Evaluation)
consisting of responses to structured questions and an open-ended
narrative provided by the respondent, in the respondent’s own
language. For all deaths of women 15–49 years, interviewers asked
respondents specifically whether the woman was pregnant or ƒ42
days post-abortion/miscarriage/partum. A specific maternal
death questionnaire and verbal autopsy RHIME was completed
for all of these cases [17].
Physicians (referred to as ‘coding physicians’) were trained in the
International Classification of Disease 10th edition (ICD-10) cause
of death assignment by the Million Death Study team. Two
physicians independently reviewed the questionnaires and verbal
autopsy narratives, in one of 15 languages, and assigned a cause of
death using ICD-10 [18,19].
World Health Organization definitions were used (Table 1) [1].
ICD-10 codes were grouped into the traditional cause of
pregnancy-related death categories (Table 2). Verbal autopsies
were translated into English.
Details about the death were coded by a panel of two physicians
(SKM and PJ) and a midwife (ALM), referred to as the ‘consensus
panel’, using 2011 ICD-10 coding guidelines (Web Appendix S1)
and a validated coding tool called the Maternal Date Extraction
Tool (M-DET) [20], both developed for maternal death verbal
autopsies. The consensus panel received simultaneous training for
approximately three hours on ICD-10 coding and the M-DET.
The consensus panel was directed to independently review MDS
physician coded deaths for further quality assurance, the short
answer responses and narratives. Coders were instructed to take
the narrative as the standard if there was a contradiction between
the short answer response and the narrative. The consensus panel
would reassign the physician coded cause of death code provided
that (a) the physician had insufficiently used information provided
in the verbal autopsy to meet the definition for the ICD-10 code of
cause of death or (b) the 2011 ICD-10 coding guidelines provided
direction to reclassify the case either because of an expanded case
definition or more specific definition of onset of symptoms relative
to delivery.
We investigated mechanism of item-nonresponse data using
262 Chi squared tables to determine the association of missingness
with the outcome, physician agreement, in order to determine
whether missing at random could be assumed. We used multiple
imputation by chained equation to generate plausible values of
item-nonresponse [21].
Proportional characteristics of cases, unweighted for survey
data, were calculated using the imputed dataset. Inter-rater
agreement between coding physicians was estimated using
unweighted kappa statistic for nominal categorical variables, and
95% confidence intervals were calculated using bootstrap
estimation of standard error for kappa method [22]. The Landis
and Koch classification of inter-rater reliability was used to
interpret the coefficients kappa: ƒ0:4– poor to fair; .0:4 ƒ0:6–
moderate agreement; .0:6 ƒ0:8– substantial agreement; .0:8 –
high agreement [23].
We conducted 262 Chi squared univariate analysis to identify
demographic, socioeconomic, geographic and individual factors
that could influence physician agreement. We then conducted a
multivariate logistic regression model to determine the association
of physician agreement with those univariate covariates significant
to a p-value of 0.2. We considered those covariates as significantly
associated with physician agreement if the p-value was ƒ0.05.
States of low (ƒ125 per 100 000 livebirth), medium (.126 ƒ254
per 100 000) and high maternal mortality ratio (§375 per
100 000) were generated from the Registrar General of India
2004–06 estimates [24]. Hospital admission refers to any inpatient
admission for routine delivery or emergency admission.
All analysis was conducted using Stata version 11 (StataCorp.
2009. Stata Statistical Software: Release 11. College Station, TX:
StataCorp LP).
SRS enrolment is on a voluntary basis, and its confidentiality and
consent procedures are defined as part of the Registration of Births and
DeathsAct,1969.Verbalconsent wasobtainedinthefirstSRSsample
frame. The new SRS sample obtains written consent at the baseline.
Table 1. Definition of pregnancy-related deaths [33].
Pregnancy-related death death of a woman during the pregnancy or 42 days postpartum regardless of cause
Direct maternal death death of a woman during pregnancy or 42 days postpartum due to obstetric complications or its
management, includes postpartum suicide
Indirect maternal death death of woman during pregnancy or 42 days postpartum due to disease other than obstetric
complications
Maternal death includes direct and indirect maternal deaths
Injury-related deaths death during pregnancy and up to 42 days postpartum due to violence, accidental death, or antenatal
suicide
doi:10.1371/journal.pone.0033075.t001
Coding Cause of Maternal Deaths
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minimal risks to enrolled subjects. All personal identifiers present in
the raw data are anonymized before analysis. The MDS study using
this SRS data has been approved by the review boards of the
Postgraduate Institute of Medical Education and Research,
Chandigarh, India and St. Michaels Hospital, Toronto, Canada.
Results
The study population
In 2001–2003, there were a total of 1130 pregnancy-related
deathsamong10 069deathsofallwomenaged 15 to49yearsinthe
MDS sample. Deaths were excluded from the analysis when no
ICD-10 codes were assigned by the coding physicians (n=90). Both
physicians agreed on the categorization of 752 deaths (72.3%) at the
first coding stage. The remaining 288 cases underwent a process of
reconciliation in which the initial ICD-10 codes and the keywords
assigned by each physician were exchanged between the two
physician coders and an agreement was achieved in another 133
cases (12.8%). The remaining 155 cases (14.9%) required
adjudication by a third, senior physician who reviewed the codes
and assigned a final ICD-10 code (Figure S1).
Data were complete for 37% of the cases, and missing 1–2
values for 48% of the cases. Nine per cent of cases were missing 3
values, and the remaining 6% of cases were missing 4–11 values in
the dataset. The data are assumed to be missing at random since
the item-missing data mechanism does not appear to depend on
the unobserved values. This was illustrated using 262 Chi-squared
test of physician agreement (the outcome) on the missingness of the
variable was found to be not significant (p-valueƒ0.05) for all but
one variable, term pregnancy (p=0.03). Given the multiple
comparisons, using the Bonferroni correction, there is likely no
significant association. Imputed data had equal fraction of missing
information (,0.2), an assumption necessary for variable inclusion
in the logistic regression analysis.
The majority of the pregnancy-related deaths were in Indian
states known as Empowered Action Group and Assam (states with
high fertility and low income), in rural areas, and two-thirds of
families reported that they did not register the woman’s death
(Table 3). The majority of women were between the ages of 20–29
years, at term pregnancy, and half reported hospital admission for
labour or medical complication.
Inter-rater agreement
Overall agreement between two coding physicians was
substantial (Kappa=0.66, 95% CI 0.63–0.70). Agreement was
not influenced by place of residence, relationship of respondent to
the deceased, whether the respondent lived with the deceased,
respondent’s literacy or deceased’s literacy level, or deceased’s
occupation. Variables related to the pregnancy did not influence
agreement: gestational age, and hospital admission (Table 3).
Association of coder physician agreement with
covariates
In the univariate analysis, there was no significant association
between physician agreement and level of regional maternal
mortality ratio (low, medium, or high), literacy level of the
respondent, relationship of the respondent to the deceased
(husband/mother-in-law versus other), hospital admission, wheth-
er or not the deceased received antenatal care in the pregnancy, or
whether the death was registered. There was slightly greater
physician agreement if the woman died when the pregnancy was
at an early gestational age (ƒ6 months gestation) (OR=1.49,
95%CI 1.00–2.27, p-value 0.05) and when the respondent did not
live with the deceased (OR=1.47, 95%CI 1.01–2.13), when
controlled for urban/rural categorization and language. A sub-
analysis, stratified by those respondent who did and did not live
with the deceased, and the physician coded category of cause of
death did not result in greater agreement for ‘other obstetric cause’
(i.e. living with the deceased did not appear to be associated with a
more specific cause of death code, conversely, not living with the
deceased did not appear to be associated with a more non-specific
cause of death code).
Reclassification by consensus panel
Of the 1040 physician coded cases, there was agreement on the
classification for two-thirds of cases by the consensus panel and
one-third of cases were reclassified (the counts, unweighted for
survey design, are summarized in Table 4) based on corrections of
errors and further developed 2011 ICD-10 coding guidelines for
maternal death verbal autopsy criteria (Web Appendix S1).
For one-third of reclassified cases (n=111, approximately 10%
of all physician-coded cases), the physician coders could have
better used existing information from the verbal autopsy. Of these,
in 14 cases, ICD-10 codes were assigned to cases not meeting the
gestational age definition, 20 cases were erroneously classified as
late maternal deaths and 1 case was classified as a paediatric case.
Within the septic cases, there were 8 cases in which the physician
assigned a very general cause of death (i.e. O98, O99, R99) that
were reassigned to obstetric tetanus cases and 68 cases were
reclassified to intrapartum/postpartum sepsis (O41, O85 or O86).
Most postpartum sepsis cases presented .3 days postpartum (50%
Table 2. Categorization of ICD-10 for pregnancy-related deaths.
Category ICD-10 Code
1 Obstetric hemorrhage O44, O45, O46, O67, O71, O72
2 Maternal sepsis O23, O41, O85, O86, A34
3 Hypertensive disorders of pregnancy O10–O16
4 Abortion or Miscarriage O03–O07, O20
5 Other obstetric conditions O00, O21, O22, O26, O29, O74, O75, O87–O90, O95 &F53
6 Obstructed labour O64–O66
7 Indirect obstetric death O98–O99, A00-N99, R99
8 Injury S00-Y09, Y60, Y69
*
*Y60 & Y69 are classified as ‘Other obstetric conditions’ if these unanticipated surgical complications occur during labour and delivery.
doi:10.1371/journal.pone.0033075.t002
Coding Cause of Maternal Deaths
PLoS ONE | www.plosone.org 3 March 2012 | Volume 7 | Issue 3 | e33075of whom had died by day 7 postpartum, and 75% of whom had
died by day 14 postpartum) with new onset of fever and/or
abdominal pain, with any additional history or symptoms of
prolonged rupture of membranes, prolonged labour, foul-smelling
vaginal discharge or new onset of jaundice postpartum. This
under-classification of maternal sepsis has been reported in other
maternal death studies [25,26].
The remaining 223 reclassified cases were attributed to
expanded 2011 ICD-10 coding guidelines. In summary 27% of
cases were reclassified obstructed labour cases, 30% of cases were
reclassified from specific to the general category of ‘other obstetric’
due to insufficient information to meet the 2011 ICD-10 coding
guidelines, 18% of cases were reclassified to non-obstetric causes as
the 2011 ICD-10 coding guidelines which provides more specific
criteria for onset of symptoms relative to delivery, and 10% of
cases were reclassified to new categories not provided in the 2005
ICD-10 coding guidelines.
While obstructed labour is often cited in the research literature
as a cause of maternal death, it is not a mutually exclusive category
but rather a contributory condition leading to death by either
obstetric hemorrhage (including uterine rupture), maternal sepsis
or other unknown obstetric cause. The consensus panel reclassified
the 62 cases to these three categories for all but 6 cases, which were
reclassified to either hypertensive disorders of pregnancy (HDP) or
indirect maternal death. Similarly, anaemia is considered a
contributory conditions, and the 2005 ICD-10 coding guidelines
direct physicians to code the under-lying pathophysiological cause
of death, e.g. malaria, and to include anaemia in only the keyword
section of the coding.
Sixty-eight women were reclassified to ‘other obstetric’; 47 from
specific categories (obstetric hemorrhage, maternal sepsis, HDP,
complications from abortion or miscarriage) due to insufficient
information to meet the criteria of the 2011 ICD-10 coding
guidelines; of these, 4 women were reclassified from HDP or
hemorrhage due to venous complications in pregnancy or
postpartum (O87, O88). There were 41 women with pre-existing
or prolonged illness or illness arising in early in the pregnancy or
late in the postpartum period, where the informant reported signs
and symptoms of fever and/or jaundice, malaise, anorexia; or
diagnosed malaria, hepatitis, tuberculosis, or cancer; and these
women were reclassified as indirect maternal deaths. Twenty-three
cases were reclassified to intrapartum sepsis (O41), a newly defined
2011 ICD-10 coding guidelines.
Table 3. Proportion of population of characteristics and unweighted kappa for physician agreement of cause of death
categorization, by covariate.
Variable n (%) kappa (95%CI)
India Overall 1040 100.0 0.66 0.63 0.70
MMR by region
* Low 85 8.2 0.69 0.48 0.78
Medium 266 25.6 0.63 0.57 0.69
High 689 66.2 0.67 0.63 0.71
Rurality Rural 938 90.2 0.67 0.64 0.72
Urban 102 9.8 0.59 0.47 0.71
Death Registration Yes 396 38.1 0.69 0.63 0.75
No 644 61.9 0.68 0.64 0.73
Relationship with respondent Husband or mother-in-law 341 32.8 0.65 0.61 0.71
Other 699 67.2 0.67 0.62 0.71
Respondent lived with deceased Yes 806 77.5 0.63 0.59 0.68
No 234 22.5 0.74 0.67 0.80
Religion Hindu 814 78.2 0.66 0.63 0.70
Muslim 161 15.5 0.67 0.58 0.74
Other 65 6.3 0.60 0.46 0.71
Education of deceased Illiterate 636 61.2 0.65 0.60 0.68
Literate 404 38.8 0.68 0.61 0.73
Education of respondent Illiterate 468 45.0 0.64 0.59 0.69
Literate 572 55.0 0.69 0.64 0.73
Occupation of deceased Nonworker 696 67.0 0.64 0.59 0.68
Worker 344 33.0 0.71 0.65 0.76
Gestational age §7 months 858 82.5 0.62 0.57 0.66
,7 months 182 17.5 0.67 0.58 0.73
Hospital admission Yes 472 45.4 0.66 0.58 0.71
No 568 54.6 0.66 0.62 0.71
Maternal age ƒ19 years 115 11.0 0.70 0.61 0.82
20–29 years 539 51.8 0.63 0.56 0.67
§30 years 386 37.2 0.64 0.57 0.69
*Maternal mortality ratio by state of low (ƒ125 per 100 000 livebirth), medium (.126 ƒ254 per 100 000) and high (§375 per 100 000) [24].
doi:10.1371/journal.pone.0033075.t003
Coding Cause of Maternal Deaths
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The aim of this study was to investigate the factors associated
with physician agreement in the causes of pregnancy-related
deaths based on verbal autopsy, and patterns of coding
disagreement with a consensus panel. It was not designed to
estimate the cause of death distribution, nor the validity of the
cause of death assignment.
A large proportion of the women who died were never admitted
to a health facility, nor were their deaths registered. It is within this
context that verbal autopsies are of greatest benefit to estimate
causes of pregnancy-related deaths. We found that other than
gestational age and whether the respondent lived with the
deceased, none of the variables studied influenced physician
agreement in arriving at a cause of death. Lozano et al. compared
physician cause of death assignment from VAs to a medically
certified dataset of pregnancy-related deaths (*200 urban hospital
deaths of two states in India) [27]. In this dataset, verbal autopsies
were collected by interviewing respondents in cases where care
was provided by professional healthcare providers. They found
that physicians could assign an accurate diagnosis to a slightly
higher proportion (65%) of cases when provided with the
respondent’s report of healthcare contact compared to VAs
stripped of this information (57%). The study assumes that VAs
stripped of all reference to healthcare contact were considered
suitable proxies for cases who received no professional healthcare,
and since all cases received professional healthcare in the
medically certified dataset, respondents, who did not provide care
for the deceased, were assumed to be sufficiently knowledgable
and appropriate informants. In our study, there was no difference
in inter-rater physician agreement for cases where hospital
admission did or did not occur (K=0.66), suggesting that the
respondent’s reporting of hospital admission, and the resulting
professional care and communication, does not influence the
physician coding choices.
We did not find variation in physician agreement when
comparing deaths that came from regions of low versus high
maternal mortality, nor was there higher agreement for women
from urban areas compared to rural areas or between registered
and unregistered deaths. Physician agreement does not appear to
be influenced by whether the respondent was the deceased
woman’s husband or mother-in-law, both considered proxies for
the main decision-maker with respect to maternal healthcare
uptake [28,29] compared with other respondents. As well,
agreement was not influenced by literacy of the respondent.
Access to services is higher in urban areas among the literate;
therefore we hypothesized that the quality of narrative would be
better when the respondent was literate, from an urban area, when
there had been a hospital admission and where the death was
registered. Similarly, neonatal and childhood death studies from
the Million Death Study found no association of state, rural/
urban, or death registration with improved physician agreement
[30]. We found slightly greater agreement in cases where the
gestational age of the pregnancy at the time of the woman’s death
was ƒ6 months. This is expected as an obstetric death at this time
has, according to our categorization, only one cause - complication
from abortion or miscarriage, versus term pregnancies (§7
months gestation) can be categorized into either of four groups:
obstetric hemorrhage, obstetric sepsis and tetanus, hypertensive
disorders of pregnancy, and ‘other obstetric complication’. The
slightly greater physician agreement noted when the respondent
did not live with the deceased was surprising. We considered this
may be related to a poor quality of narrative leading to greater
agreement in coding of the non-specific category of ‘other obstetric
complication’; however, we did not in fact find greater physician
agreement in the sub-category category of ‘other obstetric
condition’. While the husband or mother-in-law tends to be the
primary decision maker for pregnant women in India, many
members of the family or neighbourhood may care for the women
in labour or in an emergency, resulting in perhaps a broader group
of suitable respondents in the case of maternal death [31]. This
may minimize the importance of who the respondent is, but rather
whether the respondent cared for the woman around the time of
death.
Agreement between physician coders and consensus
panel
In this study, physician coders are responsible for coding all
newborn, child and adult deaths. Review of all pregnancy-related
death cases by a small consensus panel brought further consistency
in coding ICD-10 cause of death. As well, criteria for verbal
autopsy has been further developed since the initial physician
coding took place for these cases in 2005, therefore this review will
Table 4. Unweighted counts in agreement in cause of death assignment between physician coders and consensus panel of 1040
pregnancy-related deaths.
Consensus Panel
Physician Coders Hemorrhage Sepsis HDP
* TA/SA
** Other
+ Indirect Injury Obstructed
++
Hemorrhage 227 43 18 8 35 11 0 0
Sepsis 5 98 04 2 5 00
HDP
* 22 30 17 4 0 0
TA/SA
** 00 1 86 41 0 0
Other
+ 18 15 16 4 124 16 22 0
Indirect 6 11 8 3 19 109 00
Injury 0 1 1 1 0 0 32 0
Obstructed
++ 19 3 1 0 34 5 0 0
*Hypertensive disorders of pregnancy.
**Complications from therapeutic abortion (TA) or spontaneous miscarriage (SA).
+Other obstetric.
++Obstructed labour.
doi:10.1371/journal.pone.0033075.t004
Coding Cause of Maternal Deaths
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consensus panel applied 2011 ICD-10 coding guidelines (Web
Appendix S1) which lead to reclassification of one-third of cases.
It was found that ,10% of cases were reclassified due to coder
error, where existing criteria was not adhered to (gestational age,
postpartum time cut-off, signs of maternal sepsis or obstetric
tetanus); whereas, the remaining cases were reclassified by the
consensus panel for reasons of expanded criteria. Ongoing training
for physician coders will address the more common mistakes in
coding in addition to providing training in the expanded list of
pregnancy-related cause of death criteria.
Limitations
Because the two coding physicians may have different clinical
training and experience, their ability to interpret and code a cause
of death from the verbal autopsy may differ. However, due to lack
of physician identifiers in the dataset, it was not possible to take
account of individual physician characteristics in this analysis.
The selection of pregnancy-related deaths from the pool of all-
cause female deaths relies on the respondent’s knowledge and
acknowledgement of the pregnancy. In early termination (either
spontaneous or therapeutic), or in pregnancies of unmarried
women, there is a selection bias due to the under-reporting of these
groups.
We examined eight categories of cause of death, and the choice
of categorization of the ICD-10 codes (Table 2) is based on
traditional presentation of maternal reproductive complications in
the literature. Such categorization is mutually exclusive, exhaus-
tive, and sufficiently specific to inform public health policy. These
categories limit the possibility of analysis of more specific cause of
death, even though we understand that more detailed analysis of
causes of maternal deaths are also a limitation of verbal autopsy
studies due to the lack of medical records, clinical assessments, and
laboratory findings.
There are 5% resampled verbal autopsy interviews for all-cause
mortality as per the study protocol however, this sample frame was
not stratified for cause of death, and resulted in ,1% of re-
interviewing of respondents in cases of pregnancy-related deaths.
Therefore, we were unable to evaluate the study methodology and
the repeatability of the interview process and physician coding to
illicit the same cause of death assignment.
We emphasize that the objective of this study is to explore
whether physician agreement was influenced by characteristics of
individual cases. As discussed elsewhere, greater agreement does
not mean greater accuracy in cause of death assignment [32].
Therefore no inference can be made on the accuracy or external
validity by studying physician agreement. However, we assumed
that higher agreement should be correlated with better reliability
of the physician coded cause of death. We also assumed that poor
agreement is correlated with difficulty in classifying pregnancy-
related deaths.
Conclusion
To the best of our knowledge, there has been no other study
which has examined physician agreement for pregnancy-related
cause of death using verbal autopsies. This is the largest
population-based study of inter-rater agreement of physician
coded verbal autopsies, which provides greater precision to the
statistical analysis, unavailable in the past to other pregnancy-
related death studies.
Overall, we were reassured that there is substantial physician
agreement and agreement is not significantly influenced by
demographic or socio-economic factors or events related to the
pregnancy, indicating that the tool will yield comparable results
and is flexible in a variety of settings, and under a variety of
conditions. As well, this paper informs ongoing physician coder
training for the Million Death Study. In the absence of robust vital
registration and universal healthcare services, verbal autopsies are
an invaluable tool in providing proportional cause of death
analysis for pregnancy-related deaths.
Supporting Information
Figure S1 Physician-coded flow diagram of million
death study pregnancy-related deaths.
(EPS)
Web Appendix S1 2011 Verbal Autopsy coding guidelines for
pregnancy-related deaths.
(DOC)
Author Contributions
Conceived and designed the experiments: AM SKM DGB RK RJ PJ.
Performed the experiments: AM SKM DGB RK RJ PJ. Analyzed the data:
AM SKM DGB PJ. Contributed reagents/materials/analysis tools: RK RJ
PJ. Wrote the paper: AM SKM DGB RK RJ PJ.
References
1. WHO, UNICEF, UNFPA (2010) Trends in maternal mortality: 1990 to 2008.
Geneva: World Health Organization.
2. United Nations (2000) United Nations Millenium Declaration. Available:
http://www.un.org/millennium/declaration/ares552e.htm. Accessed 2012
Mar 8.
3. Graham WJ, Hussein J (2007) Minding the gaps: a reassessment of the
challenges to safe mother-hood. American Journal of Public Health 97: 978.
4. Cross S, Bell JS, Graham WJ (2010) What you count is what you target: the
implications of maternal death classification for tracking progress towards
reducing maternal mortality in developing countries. Bulletin of the World
Health Organization 88: 147–53.
5. Fottrell E, Byass P (2010) Verbal autopsy: methods in transition. Epidemiologic
Review 32: 38–55.
6. Chan M, Kazatchkine M, Lob-Levyt J, Obaid T, Schweizer J, et al. (2010)
Meeting the demand for results and accountability: a call for action on health
data from eight global health agencies. PLoS Medicine 7: e1000223.
7. Shiffman J, Ved RR (2007) The state of political priority for safe motherhood in
India. BJOG: an international journal of obstetrics and gynaecology 114:
785–790.
8. Shiffman J (2007) Generating political priority for maternal mortality reduction
in 5 developing countries. American Journal Public Health 97: 796.
9. Fottrell E, Byass P, Ouedraogo TW, Tamini C, Gbangou A, et al. (2007)
Revealing the burden of maternal mortality: a probabilistic model for
determining pregnancy-related causes of death from verbal autopsies. Popula-
tion Health Metrics 5: 1.
10. Baiden F, Bawah A, Biai S, Binka F, Boerma T, et al. (2007) Setting
international standards for verbal autopsy. Bulletin of the World Health
Organanization 85: 570–1.
11. Midhet F (2008) Validating the verbal autopsy questionnaire for maternal
mortality in Pakistan. International Journal of Health Sciences 2: 91–96.
12. Setel PW, Whiting DR, Hemed Y, Chandramohan D, Wolfson LJ, et al. (2006)
Validity of verbal autopsy procedures for determining cause of death in
tanzania. TropicalMedicine and International Health 11: 681–696.
13. Kumar R, Thakur JS, Rao BT, Singh MM, Bhatia SP (2006) Validity of verbal
autopsy in deter-mining causes of adult deaths. Indian Journal of Public Health
1: 90–94.
14. Dhingra N, Jha P, Sharma VP, Cohen AA, Jotkar RM, et al. (2010) Adult and
child malaria mortality in India: a nationally representative mortality survey.
Lancet 376: 1768–74.
15. Jha P, Gajalakshmi V, Gupta PC, Kumar R, Mony P, et al. (2006) Prospective
study of one million deaths in India: rationale, design, and validation results.
PLoS Medicine 3: e18.
16. RGI, CGHR (2005) Prospective study SRS verbal autopsy form 10C, adult
deaths (15 years or older). Available: http://www.cghr.org. Accessed 2012 Mar
8.
Coding Cause of Maternal Deaths
PLoS ONE | www.plosone.org 6 March 2012 | Volume 7 | Issue 3 | e3307517. RGI, CGHR (2005) Prospective study SRS verbal autopsy form 10D, maternal
deaths (15–49 years). Available: http://www.cghr.org/index.php/training/
verbal-autopsy-forms-2/. Accessed 2012 Mar 8.
18. RGI-CGHR SC (2006) Prospective of study of one million deaths in India:
Technical document VII: health care professional’s manual for assigning causes
of death based on rhime household reports. Technical report. Available: http://
www.cghr.org. Accessed 2012 Mar 8.
19. CGHR (2003) Million death study. Available: http://www.cghr.org/index.php/
projects/million-death-study-project/. Accessed 2012 Mar 8.
20. Montgomery AL, Morris SK, Kumar R, Jotkar R, Mony P, et al. (2011)
Capturing the context of maternal deaths from verbal autopsies: a reliability
study of the maternal data extraction tool (M-DET). PLoS One 6: e14637.
21. White IR, Royston P, Wood AM (2011) Multiple imputation using chained
equations: issues and guidance for practice. Statistics in medicine 30: 377–399.
22. Reichenheim ME (2004) Confidence intervals for the kappa statistic. Stata
Journal 4: 421–428.
23. Landis JR, Koch GG (1977) The measurement of observer agreeement for
categorical data. Biometrics 33: 159–174.
24. RGI (2009) Special bulletin on maternal mortality in India 2004–2006. New
Delhi: Office of the Registrar General.
25. Ordi J, Ismail MR, Carrilho C, Romagosa C, Osman N, et al. (2009) Clinico-
pathological discrepancies in the diagnosis of causes of maternal death in sub-
Saharan Africa: retrospective analysis. PLoS Medicine 6: e1000036.
26. NCCEMD (2009) Saving mothers 2005–2007: fourth report on confidential
enquiries into maternal deaths in South Africa. Available: http://www.doh.gov.
za/docs/reports/2007/savingmothers.pdf. Accessed 2012 Mar 8.
27. Lozano R, Lopez AD, Atkinson C, Naghavi M, Flaxman AD, et al. (2011)
Performance of physician-certified verbal autopsies: multisite validation study
using clinical diagnostic gold standards. Pop- ulation Health Metrics 9: 32.
28. Ganatra BR, Coyaji KJ, Rao VN (1998) Too far, too little, too late: a
community-based casecontrol study of maternal mortality in rural west
maharashtra, India. Bulletin of the World Health Organization 76: 591.
29. Kumar V, Mohanty S, Kumar A, Misra RP, Santosham M, et al. (2008)
Saksham study group. effect of community-based behaviour change manage-
ment on neonatal mortality in shivgarh, uttar pradesh, India: a cluster-
randomised controlled trial. Lancet 372: 1151–62.
30. Morris SK, Bassani DG, Kumar R, Awasthi S, Paul VK, et al. (2010) Factors
associated with physician agreement on verbal autopsy of over 27000 childhood
deaths in India. PLoS One 5: e9583.
31. Joshi R, Kengne AP, Neal B (2009) Methodological trends in studies based on
verbal autopsies before and after published guidelines. Bulletin of the World
Health Organization 87: 678–82.
32. Byass P (2011) The democratic fallacy in matters of clinical opinion: implications
for analyzing cause-of-death data. Emerging Themes in Epidemiolgy 8: 1.
33. AbouZahr C, Cleland J, Coullare F, Macfarlane SB, Notzon FC, et al. (2007)
Who counts (4): The way forward. Lancet 370: 1744–1746.
Coding Cause of Maternal Deaths
PLoS ONE | www.plosone.org 7 March 2012 | Volume 7 | Issue 3 | e33075